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$EVWUDFW 
7KH LQWHUJUDQXODU FDUELGH SUHFLSLWDWLRQ EHKDYLRU DQG LWV HIIHFW RQ WKH WHQVLOH SURSHUWLHV
ZHUHLQYHVWLJDWHGLQDOOR\7KHSUHFLSLWDWLRQRI LQWHUJUDQXODUFDUELGHV LGHQWLILHGDV&U-
ULFK0&ZDVUHWDUGHGRQWKHORZ-DQJOHJUDLQERXQGDULHVDQGWKHFRLQFLGHQFH-VLWH ODWWLFH
ERXQGDULHV 7KH 0& FDUELGHV KDYH D FXEH-FXEH RULHQWDWLRQ UHODWLRQVKLS ZLWK WKH PDWUL[
7KH XOWLPDWH WHQVLOH VWUHQJWK \LHOG VWUHQJWK DQG HORQJDWLRQ RI WKH VROXWLRQ DQQHDOHG DOOR\
DUH03D03DDQGUHVSHFWLYHO\7KHXOWLPDWHWHQVLOH
VWUHQJWK DQG WKH \LHOG VWUHQJWK LQFUHDVHG WR  03D DQG  03D XQWLO WKH
DJLQJ WLPH UHDFKHG  KRXUV 7KLV LQFUHDVH LV DVFULEHG WR WKH 0& FDUELGH DFWLQJ DV
UHLQIRUFHPHQWV+RZHYHUZKHQ WKH DJLQJ WLPHH[FHHGKRXUV WKHVHSURSHUWLHVJUDGXDOO\
GHFUHDVHG ZLWK LQFUHDVLQJ DJLQJ WLPH 7KH GHFUHDVH LQ XOWLPDWH WHQVLOH VWUHQJWK \LHOG
VWUHQJWK DQG HORQJDWLRQ ZHUH PDLQO\ FDXVHG E\ WKH LQWHUJUDQXODU FUDFNLQJ GXH WR WKH ORZ
ERQGVWUHQJWKEHWZHHQWKHFDUELGHDQGWKHPDWUL[ 
 
 
.H\ZRUGV $OOR\  KHDW WUHDWPHQW 0& FDUELGH JUDLQ ERXQGDU\ FKDUDFWHU WHQVLOH
SURSHUWLHV 
  
3 
,QWURGXFWLRQ 
$OOR\  D QLFNHO-EDVHG DOOR\ KDYLQJ KLJK FKURPLXP FRQWHQW - ZW ZDV
GHYHORSHG DV D UHSODFHPHQW IRU DOOR\  LQ WKH VWHDP JHQHUDWRUV RI SUHVVXUL]HG ZDWHU
UHDFWRUV 3:5V LQ QXFOHDU SRZHU SODQWV DQG LV QRZ ZLGHO\ XVHG RZLQJ WR LWV H[FHOOHQW
UHVLVWDQFH WR VWUHVV FRUURVLRQ FUDFNLQJ 6&& SLWWLQJ FRUURVLRQ DQG FRUURVLRQ IDWLJXH LQ
DJJUHVVLYH SULPDU\ ZDWHU HQYLURQPHQWV >-@ +RZHYHU WKH PHFKDQLFDO SURSHUWLHV RI DOOR\
 DUH QRWLFHDEO\ LQIHULRU WR WKRVH RI DOOR\  >@ ZKLOH LWV FKHPLFDO SURSHUWLHV DUH
VLJQLILFDQWO\ LPSURYHG7KHPHFKDQLFDOSURSHUWLHVRI1L-EDVHGDOOR\V DUHGHSHQGHQWRQ WKH
PRUSKRORJ\DQGGLVWULEXWLRQRISUHFLSLWDWHVLQWKHPDWUL[>@*HQHUDOO\XQGHUWKHFRQGLWLRQV
RIKHDWWUHDWPHQWRUGXULQJKLJK-WHPSHUDWXUHVHUYLFH0&DVDW\SLFDOFDUELGHFRPPRQO\
SUHFLSLWDWHVDWWKHJUDLQERXQGDU\LQDOOR\>-@ 
7KHSUHFLSLWDWLRQRIVHFRQGSKDVHVVXFKDVFDUELGHVRI0& LVNQRZQWREHJHQHUDWHG
VHOHFWLYHO\DWJUDLQERXQGDULHVGXULQJ WKHUPDODJLQJ>@ ,WZDVIRXQG WKDWPRUSKRORJ\DQG
WKH SUHFLSLWDWLRQ NLQHWLFV RI 0& FDUELGHV DUH FORVHO\ UHODWHG WR WKH JUDLQ ERXQGDU\
FKDUDFWHU DQG WKHUPDO DJLQJ WHPSHUDWXUH >@ +X HW DO GHPRQVWUDWHG WKDW WKH FRKHUHQW
RULHQWDWLRQ UHODWLRQVKLS EHWZHHQ 0& DQG WKH PDWUL[ SOD\V DQ LPSRUWDQW UROH LQ WKH
SUHFLSLWDWLRQPRUSKRORJ\RI0&LQD1L-&U-:DOOR\DJHGDW&>@+RQJHWDOIRXQG
WKDWWKHFDUELGHPRUSKRORJ\DQGVL]HDUHVWURQJO\UHODWHGZLWKJUDLQERXQGDU\PLVRULHQWDWLRQ
LQDXVWHQLWLFVWDLQOHVVVWHHO>@7ULOORDQG0XUUIRXQGWKDWFDUELGHVWHQGWRSUHFLSLWDWHILUVW
DW UDQGRP JUDLQ KLJK-DQJOH ERXQGDULHV DQG WKHQ DW QRQ-FRKHUHQW WZLQ ERXQGDULHV LQ 
VWDLQOHVVVWHHOVDJHGDW&>@7RGDWHLWLVVWLOOXQFOHDUZK\WKHPRUSKRORJ\RI0&
LVGLIIHUHQWDWGLIIHUHQWW\SHVRIJUDLQERXQGDULHVLQYDULRXVDOOR\VGXULQJWKHUPDODJLQJ$OVR
WKH SUHFLSLWDWLRQ EHKDYLRU FRXOG EH DIIHFWHG E\ WKH DOOR\ FRPSRVLWLRQ VXFK DV FDUERQ
FRQWHQWV DQG KHDW WUHDWPHQW FRQGLWLRQV ,Q WKLV OLJKW WKH SUHFLSLWDWLRQ EHKDYLRU RI 0&
FDUELGHZDUUDQWVIXUWKHULQYHVWLJDWLRQ 
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6HYHUDOVWXGLHVRQDOOR\KDYHEHHQFDUULHGRXWZLWKPRVWRIWKHPIRFXVLQJRQDVSHFWV
UHODWHGWRWKHLQIOXHQFHRI0&FDUELGHVRQFRUURVLRQSURSHUWLHV>@IUHWWLQJZHDU>@DQG
IDWLJXHFUDFNJURZWK>@7KHUROHRIWKHGLIIHUHQWPRUSKRORJLHVRIWKH0&RIDOOR\LV
YHU\FRPSOH[+HQFHLWLVLPSRUWDQWWRVWXG\WKH0&FDUELGHSUHFLSLWDWLRQEHKDYLRUGXULQJ
WKHUPDO DJLQJ DQG LWV HIIHFWV RQ WKH PHFKDQLFDO SURSHUWLHV RI DOOR\  IRU DSSOLFDWLRQ WR
VWHDPJHQHUDWRUWXEHV 
,QWKLVVWXG\ZHKDYHLQYHVWLJDWHGWKHWLPH-WHPSHUDWXUH-SUHFLSLWDWLRQ773FXUYHRIDOOR\
WXEHVIRUFDUERQFRQWHQWRIZW7KHLQIOXHQFHRIWKHJUDLQERXQGDU\FKDUDFWHURQ
0& SUHFLSLWDWLRQEHKDYLRUV LQ DQ DOOR\ZDV WKHQ VWXGLHGE\ WKH HOHFWURQEDFNVFDWWHU
GLIIUDFWLRQ (%6' WHFKQLTXH )LQDOO\ ZH KDYH GHWHUPLQHG WKH HIIHFWV RI WKH LQWHUJUDQXODU
FDUELGHEHKDYLRUVRQWKHWHQVLOHSURSHUWLHVRIDOOR\WXEHV 
 
([SHULPHQWDO 
7KHPDWHULDOXVHGLQWKLVZRUNZDVFRPPHUFLDODOOR\WXELQJRGPPDQGLG
PPSURYLGHGE\.(3&21XFOHDU)XHO&RPSDQ\LQ6RXWK.RUHD7KHFKHPLFDOFRPSRVLWLRQ
RIWKHDOOR\LVOLVWHGLQ7DEOH7KHVSHFLPHQVZHUHVROXWLRQDQQHDOHGDW&IRU
PLQ LQ DQ DUJRQ DWPRVSKHUH IROORZHG E\ ZDWHU TXHQFKLQJ $IWHU WKLV WKH VSHFLPHQV ZHUH
DJHG LQ DQ DUJRQ DWPRVSKHUH DW YDULRXV WHPSHUDWXUHV IURP  & WR  & IRU YDULRXV
SHULRGV IURP  WR  KRXUV IROORZHG E\ ZDWHU TXHQFKLQJ 3ULRU WR WKH VFDQQLQJ HOHFWURQ
PLFURVFRS\ DQG WKH (%6' H[SHULPHQWV WKH VSHFLPHQ VXUIDFH ZDV PHFKDQLFDOO\ SROLVKHG
XVLQJHPHU\SDSHUVDQGWKHQHOHFWUR-SROLVKHGLQDQHOHFWURO\WHP/GLVWLOOHGZDWHU
  P/ +62 IRU - V DW  9 ZLWK D SODWLQXP SODWH FDWKRGH 'XULQJ WKH HOHFWUR-
SROLVKLQJ SURFHVV WKH WHPSHUDWXUH RI WKH HOHFWURO\WH ZDV PDLQWDLQHG DW  & E\ XVLQJ D
FRROLQJV\VWHP7KHVSHFLPHQZDVWKHQXOWUDVRQLFDOO\FOHDQHGLQDFHWRQHDQGHWKDQROIRU
5 
PLQXWHVLQRUGHUWRUHPRYHVPDOOSDUWLFOHVRQWKHVXUIDFH 
7KHFKDUDFWHUL]DWLRQRIJUDLQERXQGDU\PLVRULHQWDWLRQDQGWKHRULHQWDWLRQUHODWLRQVKLSVRI
WKHFDUELGHVZDVFDUULHGRXWZLWKD ILHOGHPLVVLRQVFDQQLQJHOHFWURQPLFURVFRSH )(-6(0
-(2/-60)-DSDQXWLOL]LQJDQ(%6',1&$8.WHFKQLTXH7KHFRLQFLGHQFH-VLWH
ODWWLFH &6/ ERXQGDULHV ZHUH WKHQ FODVVLILHG XVLQJ %UDQGRQCV FULWHULRQ  WR  ZHUH
FRQVLGHUHGLQWKLVVWXG\ >-@7KHVWUXFWXUHDQGPRUSKRORJ\RI WKHSUHFLSLWDWHGFDUELGHV
ZHUH DQDO\]HG E\ WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7(0 )(, 7HFQDL * ) 86$
)XUWKHU WKH GLVWULEXWLRQ RI SKDVHV DQG JUDLQ RULHQWDWLRQ PDSV ZHUH REWDLQHG ZLWK DQ
DXWRPDWLF FU\VWDO RULHQWDWLRQ PDSSLQJ $&20 1DQRPHJDV $67$5 %HOJLXP V\VWHP
LQVWDOOHGLQD7(07KH7(0VDPSOHZDVIDEULFDWHGE\DQDQDO\WLFDOGXDOEHDPIRFXVHGLRQ
EHDP VFDQQLQJ HOHFWURQ PLFURVFRSH ),%6(0 7HVFDQ /<5$;08 &]HFK V\VWHP
W\SLFDOO\ȝPORQJDQGȝPZLGH7KHEXON-DOOR\WKLFNQHVVPPZDVRULHQWHGZLWK
WKHEDVDOSODQHVSDUDOOHOWRWKHVDPSOHKROGHUVXUIDFH7KHVDPSOHZDVPLOOHGZLWKD*DLRQ
EHDP DW DQ DFFHOHUDWLQJ YROWDJH RI  NH9 'XULQJ WKH VDPSOH SUHSDUDWLRQ VWHSV FDUH ZDV
WDNHQWRPLQLPL]HJDOOLXPGDPDJHWRWKHVDPSOHVXUIDFHE\SRVLWLRQLQJDSODWLQXPOD\HURYHU
WKHUHJLRQRI LQWHUHVW)LQDOO\ WKH7(0VDPSOHZDVOLIWHGRXW LQVLWXDQGSODFHGRQD7(0
JULG )XUWKHUPRUH WHQVLOH SURSHUWLHV ZHUH PHDVXUHG XVLQJ D XQLYHUVDO WHVWLQJ PDFKLQH DW
URRP WHPSHUDWXUH 7KH PHDVXUHG HQJLQHHULQJ VWUHVV DQG VWUDLQ GDWD ZHUH DXWRPDWLFDOO\
UHFRUGHGE\DFRPSXWHU7KHWHQVLOHWHVWZDVFRQGXFWHGLQGLVSODFHPHQWFRQWUROZLWKDVWUDLQ
UDWHRI[-6- 
 
5HVXOWV	'LVFXVVLRQ 
)LJ  VKRZV WKH WLPH-WHPSHUDWXUH-SUHFLSLWDWLRQ 773 FXUYH RI DOOR\  WXEHV ZLWK D
FDUERQFRQWHQWRIZW7KHDSSUR[LPDWHWLPHQHFHVVDU\IRUWKHFDUELGHVWRSUHFLSLWDWH
DQGWKHQEHFRPHQHDUO\VHPL-FRQWLQXRXVDORQJWKHJUDLQERXQGDU\ZDVKRXUVDW&
6 
KRXU DW  &  KRXUV DW  & DQG  KRXUV DW  & ,W VKRXOG EH QRWHG WKDW QR
LQWHUJUDQXODU FDUELGH ZDV JHQHUDWHG RQ WKH JUDLQ ERXQGDULHV LQ WKH DOOR\  DJHG DW
WHPSHUDWXUHV RI - & XQGHU RXU H[SHULPHQWDO FRQGLWLRQV )UHTXHQWO\ WKH SXEOLVKHG
LVRWKHUPDO773GLDJUDPVVKRZD³&-FXUYH´DVVKRZQLQ)LJ7KLVLVDFRQVHTXHQFHRIWKH
LQWHUDFWLRQEHWZHHQGLIIXVLRQFRHIILFLHQWRIDOOR\LQJHOHPHQWVDQGWKHQXPEHURIQXFOHDWLRQ
VLWHV $W ORZ WHPSHUDWXUHV GLIIXVLRQ FRHIILFLHQW RI HOHPHQWV LV ORZ DQG WKH QXPEHU RI
QXFOHDWLRQ VLWHV RI SUHFLSLWDWHV LV KLJK 2Q WKH FRQWUDU\ DW KLJK WHPSHUDWXUH GLIIXVLRQ
FRHIILFLHQWRIDOOR\LQJHOHPHQWV LVKLJKDQG WKHQXPEHURIQXFOHDWLRQVLWHV LV ORZ2SWLPDO
FRQGLWLRQVIRUSUHFLSLWDWLRQSURFHVVHVDUHORFDWHGDWLQWHUPHGLDWHWHPSHUDWXUHV>@ 
*HQHUDOO\WKHSUHFLSLWDWLRQEHKDYLRULVVWURQJO\GHSHQGHQWRQERWKWKHVHUYLFHWHPSHUDWXUH
DQGWKHDOOR\LQJHOHPHQWV>@7KHDOOR\LQJHOHPHQWV&U0RDQG7LDOOIRUPFDUELGHVZLWK
VXEVWDQWLDOO\KLJKHUHQWKDOSLHVWKDQLURQFDUELGHVZKLOH WKHHOHPHQWV1L&RDQG&XGRQRW
IRUP FDUELGH SKDVHV >@ DV PHWDOOLF DOOR\LQJ HOHPHQWV FDQQRW GLIIXVH VXIILFLHQWO\ UDSLGO\
HQRXJKWRDOORZDOOR\FDUELGHVWRQXFOHDWHLQDOOR\WXEHVDJHGDWWHPSHUDWXUHRI-
&LQRXUH[SHULPHQWDOSHULRGV$VXEVWLWXWLRQDO-GLIIXVLRQFRQWUROOHGUHDFWLRQLVQHFHVVDU\IRU
WKHIRUPDWLRQRIWKHDOOR\HG0&FDUELGH7KLVUHDFWLRQRFFXUVPRVWO\DWKLJKWHPSHUDWXUHV
DQG UHTXLUHV D VXIILFLHQWO\ ORQJ WLPH DW ORZ WHPSHUDWXUHV 7KXV WKH 0& FDUELGH FDQ EH
FRQVLGHUHGDVDPHWDVWDEOHSKDVHDWORZHUWHPSHUDWXUHV7KHUHIRUHKLJKWHPSHUDWXUHVDQGD
ORQJHQRXJK WLPHDUHQHHGHG IRU WKHGLIIXVLRQRI WKHDOOR\HOHPHQWVSULRU WR WKHQXFOHDWLRQ
JURZWKRI WKHDOOR\FDUELGHV$VD UHVXOW WKHDSSUR[LPDWH WLPHUHTXLUHG IRU WKHFDUELGHV WR
SUHFLSLWDWHZDVGHFUHDVHGZLWKDQLQFUHDVHLQWKHDJLQJWHPSHUDWXUH+RZHYHUDV WKHDJLQJ
WHPSHUDWXUHLQFUHDVHGIXUWKHUWR&WKHDSSUR[LPDWHWLPHZDVLQFUHDVHGZLWKDQLQFUHDVH
LQ WKH DJLQJ WHPSHUDWXUH:KHQ WKH DJLQJ WHPSHUDWXUH LQFUHDVHG WKHQXPEHURIQXFOHDWLRQ
VLWHVRI0&FDUELGHVZDVGHFUHDVHG7KHVROLGVROXELOLW\RIFDUERQLQWKH1L-EDVHGPDWUL[
ZDVLQFUHDVHGDVWKHWHPSHUDWXUHZDVLQFUHDVHG>@7KXVWKHDPRXQWRIFDUERQSUHFLSLWDWHV
7 
GHFUHDVHG DV WKH DJLQJ WHPSHUDWXUH LQFUHDVHG $V D FRQVHTXHQFH WKH QXFOHDWLRQ DQG
VXEVHTXHQWJURZWKRI WKH0& FDUELGHVEHFRPHVGLIILFXOWDWKLJK WHPSHUDWXUH7KHUHIRUH
WKH DSSUR[LPDWH WLPH IRU WKH FDUELGHV WR SUHFLSLWDWH ZDV LQFUHDVHG ZLWK DQ LQFUHDVH LQ WKH
DJLQJWHPSHUDWXUH 
)LJVKRZVWKHPLFURVWUXFWXUHDQGFDUELGHSUHFLSLWDWLRQEHKDYLRUDWWKHJUDLQERXQGDULHV
LQ DOOR\  DIWHU DQ DJLQJ WUHDWPHQW DW  & IRU YDULRXV SHULRGV UDQJLQJ IURP  WR 
KRXUV $IWHU DQ DJLQJ WUHDWPHQW IRU  KRXU QR FDUELGH ZDV IRXQG RQ WKH JUDLQ ERXQGDULHV
XQGHU WKH H[SHULPHQWDO FRQGLWLRQV XVHG KHUH DV VKRZQ LQ )LJ D $V WKH DJLQJ WLPH
LQFUHDVHG WR  KRXUV WLQ\ DQG VHPL-FRQWLQXRXV FDUELGHV SUHFLSLWDWHG DORQJ WKH JUDLQ
ERXQGDULHV DV VKRZQ LQ )LJ E :KHQ WKH DJLQJ WLPH ZDV LQFUHDVHG WR  KRXUV WKH
FDUELGHV WKDW SUHFLSLWDWHG DORQJ WKH JUDLQ ERXQGDU\ EHFDPH FRDUVH DV VKRZQ LQ )LJ F
:KHQWKHDJLQJWLPHUHDFKHGKRXUVVRPHFDUELGHVJUHZLQWRWKHPDWUL[QHDURQHRUERWK
VLGHVRIWKHJUDLQERXQGDULHVDVVKRZQLQ)LJG:KHQWKHDJLQJWLPHUHDFKHGKRXUVLW
ZDVQRWHGWKDWWKHFDUELGHVJUHZLQWRWKHPDWUL[PDLQO\RQWKHJUDLQERXQGDULHVRIDOOR\
DVVKRZQLQ)LJH 
)LJVKRZVWKHDYHUDJHJUDLQVL]HH[FOXGLQJWKHWZLQVRIDOOR\WXEHVDIWHUDQDJLQJ
WUHDWPHQWDW&IRUYDULRXVSHULRGVUDQJLQJIURPWRKRXUV7KHDYHUDJHJUDLQVL]HRI
WKHVROXWLRQDQQHDOHGVSHFLPHQZDVȝP+RZHYHUWKHUHZDVQRDGGLWLRQDOJUDLQ
JURZWKGXULQJWKHDJLQJWUHDWPHQWZLWKDQLQFUHDVHLQWKHDJLQJWLPH:LWKDQLQFUHDVHLQWKH
DJLQJWLPHWKHDYHUDJHJUDLQVL]HLQFUHDVHGVOLJKWO\WRȝPZLWKLQWKHHUURUUDQJH
7KLVUHVXOWLVGXHWRWKHHIIHFWRIWKHLQWHUJUDQXODUFDUELGHV,QWHUJUDQXODUFDUELGHVDUHOLNHO\
TXLWH HIIHFWLYH LQ SLQQLQJ WKH ERXQGDULHV DJDLQVW PLJUDWLRQ 7KLV PD\ H[SODLQ ZK\ WKH
DYHUDJH JUDLQ VL]H GLG QRW LQFUHDVH DIWHU WKH DJLQJ WUHDWPHQW DW  & IRU  KRXUV
0RUHRYHULWPD\H[SODLQZK\WKHDJLQJ-WUHDWHGVSHFLPHQVKDGVLJQLILFDQWLQKRPRJHQHLW\LQ
WKHJUDLQVL]HDQGZK\VRPHJUDLQVZHUHDEQRUPDOO\ODUJHDVVKRZQLQ)LJ 
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)LJ  VKRZV D EULJKW-ILHOG 7(0 LPDJH WKH VHOHFWHG DUHD HOHFWURQ GLIIUDFWLRQ 6$('
SDWWHUQ DQG WKH HQHUJ\-GLVSHUVLYH ;-UD\ VSHFWURVFRS\ ('6 PDSSLQJ UHVXOWV RI WKH
LQWHUJUDQXODU0& FDUELGH LQ WKHDOOR\DJHGDW& IRUKRXUV)LJE LV WDNHQ
IURP WKH FLUFOHG DUHD LQ )LJ D )URP WKH 6$(' SDWWHUQ DQDO\VLV DQG ('6 UHVXOWV WKH
LQWHUJUDQXODUFDUELGHZDVLGHQWLILHGDVFKURPLXPULFK&U-ULFK0&FDUELGH&U&KDVWKH
VDPHIDFH-FHQWHUHGFXELFVWUXFWXUHDVWKDWRIWKHDOOR\PDWUL[ZLWKDODWWLFHFRQVWDQWRI
QP>@ZKLFKLVDSSUR[LPDWHO\WKUHHWLPHVODUJHUWKDQWKDWRIDPDWUL[RIQP
>@7KH&U-ULFK0&KDVDFXEH-FXEHRULHQWDWLRQUHODWLRQVKLSRI!0&!PDWUL[
^`0&^`PDWUL[ZLWKRQHRIWKHQHLJKERULQJJUDLQV 
)LJLQGLFDWHVWKHRULHQWDWLRQUHODWLRQVKLSEHWZHHQDFDUELGHDQGLWVQHLJKERULQJJUDLQVLQ
DOOR\DJHGDW&IRUKRXUV7KHRULHQWDWLRQUHODWLRQVKLSEHWZHHQDFDUELGHDQGLWV
QHLJKERULQJJUDLQVFDQHDVLO\REWDLQHGEHIURPDQ$&20DQDO\VLV,WFOHDUO\VKRZVWKDWWKH
FDUELGHDQGJUDLQDUHFRKHUHQWZKHUHDVWKHUHVXOWVVKRZLQFRKHUHQF\ZLWKJUDLQDQGJUDLQ
$FFRUGLQJ WR WKHDERYHDQDO\VLVZKHQ0& FDUELGHQXFOHDWHVRQ WKHJUDLQERXQGDULHV
DQG KDV D ^` 0&  ^`PDWUL[ FRKHUHQW RULHQWDWLRQ UHODWLRQVKLS ZLWK WKH PDWUL[ RI D
FRKHUHQWJUDLQLWJURZVLQWRWKHPDWUL[RIDQLQFRKHUHQWJUDLQ&UDWRPVFDQHDVLO\VXEVWLWXWH
IRU 1L DQG )H DWRPV DW WKH LQFRKHUHQW JUDLQ LQWHUIDFH DQG SURPRWH WKH JURZWK RI 0&
FDUELGHGXHWRWKHDVVLVWDQWIOX[RIYDFDQFLHVDQGWKHKLJKLQWHUIDFHHQHUJ\DWWKHLQFRKHUHQW
SKDVHLQWHUIDFH>@)RUWKLVUHDVRQWKHFHOOXODUFDUELGHWKDWJURZVLQWRRQHRIWKHWZRJUDLQV
IRUPVRQWKHJUDLQERXQGDULHVLQDOOR\DVVKRZQLQ)LJGH 
)LJVKRZVD6(0LPDJHRIWKHPRUSKRORJ\LQGLFDWLQJWKDWWKHVL]HRIWKHFDUELGHVZDV
GLVWLQFWO\ UHODWHG WR WKH JUDLQ ERXQGDU\ FKDUDFWHU LQ DOOR\  DJHG DW  & IRU YDULRXV
SHULRGV ,W LV FOHDU WKDW WKH LQWHUJUDQXODU 0& FDUELGHV DUH FORVHO\ UHODWHG WR WKH JUDLQ
ERXQGDU\ FKDUDFWHU )XUWKHUPRUH WKH ILJXUH VKRZV WKDW WKH KLJK-DQJOH ERXQGDULHV ZLWK D
PLVRULHQWDWLRQDQJOHRIWRVHUYHDVSUHIHUHQWLDOVLWHVIRULQWHUJUDQXODU0&FDUELGHV
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DSDUW IURP WKH &6/ ERXQGDULHV )XUWKHUPRUH WKH ORZ-DQJOH ERXQGDULHV DUH LPPXQH WR
LQWHUJUDQXODUFDUELGHVEHIRUHWKHDJLQJWLPHUHDFKHVKRXUV,QWHUPVRIWKH&6/ERXQGDULHV
FDUELGHV ZHUH QRW IRXQG RQ WKH  ERXQGDULHV XQGHU WKH H[SHULPHQWDO FRQGLWLRQV 2Q WKH
RWKHUKDQG WLQ\FDUELGHVSUHFLSLWDWHGRQWKHDQGERXQGDULHV+RZHYHU WKHFDUELGH
VL]HRQWKH&6/ERXQGDULHVZDVVPDOOHUWKDQWKDWRQWKHUDQGRPKLJK-DQJOHERXQGDULHV 
*HQHUDOO\WKHSUHFLSLWDWLRQEHKDYLRUVDWJUDLQERXQGDULHVDUHEHOLHYHGWREHUHODWHGWRWKH
DWRPLF DUUDQJHPHQW EHWZHHQ WKH QHLJKERULQJ JUDLQV DQG WKH JUDLQ ERXQGDU\ HQHUJ\ $
UHODWLYHO\ KLJK GHJUHH RI WKH DWRPLF PDWFKLQJ RI WKH ORZ-DQJOH ERXQGDULHV  DQG WKH
&6/ ERXQGDULHV ZRXOG OHDG WR ORZHU JUDLQ ERXQGDU\ HQHUJ\ LQ FRPSDULVRQ ZLWK WKH KLJK
DQJOH ERXQGDULHV DSDUW IURP &6/ ERXQGDULHV >@ )XUWKHUPRUH LW LV ZHOO NQRZQ WKDW DOO
DWRPVDWWKHERXQGDU\ILWSHUIHFWO\LQWRERWKJUDLQVUHVXOWLQJLQH[WUHPHO\ORZERXQGDU\
HQHUJ\DQGORZPRELOLW\>@7KHJUDLQERXQGDU\HQHUJ\WKHQSURYLGHVWKHUHTXLVLWHHQHUJ\
IRU WKH QXFOHDWLRQ JURZWK RI WKH LQWHUJUDQXODU 0& FDUELGH 0RUHRYHU WKH JURZWK RI
LQWHUJUDQXODU0&FDUELGHVDORQJWKHJUDLQERXQGDULHVPD\EHFRQWUROOHGE\WKHDFWLYDWLRQ
HQHUJ\RIFDUELGHQXFOHDWLRQDWJUDLQERXQGDULHVZLWKGLIIHUHQWFKDUDFWHULVWLFV$VDUHVXOWWKH
SUHFLSLWDWLRQ RI 0& FDUELGHV LV UHWDUGHG RQ WKH ORZ-DQJOH ERXQGDULHV DQG WKH &6/
ERXQGDULHV XQOLNH WKDW RQ WKH KLJK-DQJOH ERXQGDULHV $V WKH GHJUHH RI JUDLQ ERXQGDU\
PLVRULHQWDWLRQLQFUHDVHVWKHFRQVWUDLQWVRQWKHLQWHUJUDQXODUFDUELGHVDUHUHGXFHGGXHWRWKH
ODUJHUJUDLQERXQGDU\HQHUJ\7KHUHIRUHWKHLQWHUJUDQXODU0&FDUELGHVDUHFORVHO\UHODWHG
WRWKHJUDLQERXQGDU\FKDUDFWHULVWLFV 
7KH XOWLPDWH WHQVLOH VWUHQJWK \LHOG VWUHQJWK DQG HORQJDWLRQ RXWFRPHV RI WKH DOOR\ 
DJLQJ-WUHDWHGDW&ZLWKYDULRXVDJLQJWLPHVDUHVKRZQLQ)LJ$VVKRZQLQ)LJWKH
DYHUDJHJUDLQVL]HGLGQRWLQFUHDVHZLWKDQLQFUHDVHLQWKHDJLQJWUHDWPHQWWLPH7KHUHIRUHLQ
WKH SUHVHQW ZRUN WKH HIIHFW RI WKH JUDLQ VL]H RQ WKH WHQVLOH SURSHUWLHV RI DOOR\  ZDV
FRQVLGHUHG QHJOLJLEOH 7KH XOWLPDWH WHQVLOH VWUHQJWK \LHOG VWUHQJWK DQG HORQJDWLRQ RI WKH
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VROXWLRQ DQQHDOHG DOOR\  DUH  03D  03D DQG  
UHVSHFWLYHO\$IWHUDQDJLQJWUHDWPHQWWKHXOWLPDWHWHQVLOHVWUHQJWKDQGWKH\LHOGVWUHQJWKRI
DOOR\LQFUHDVHGWR03DDQG03DUHVSHFWLYHO\XQWLOWKHDJLQJWLPH
UHDFKHG  KRXUV +RZHYHU ZKHQ WKH DJLQJ WLPH H[FHHGHG  KRXUV WKH XOWLPDWH WHQVLOH
VWUHQJWK DQG \LHOG VWUHQJWK JUDGXDOO\ GHFUHDVHG WR  03D DQG  03D
UHVSHFWLYHO\2Q WKHRWKHUKDQG WKHHORQJDWLRQFRQVLVWHQWGHFUHDVHG WRZLWKDQ
LQFUHDVHLQWKHDJLQJWLPHDVVKRZQLQ)LJE 
7KHDERYHUHVXOWVLQGLFDWHGWKDWWKHYDULDWLRQRIWKHWHQVLOHVWUHQJWKZLWKWKHDJLQJWLPHLV
UHODWHG WR WKH PRUSKRORJ\ DQG DPRXQW RI 0& FDUELGHV ,I WKH SUHFLSLWDWH FDUELGHV DUH
VPDOOHUDQGWKH\H[LVWLQJUHDWHUDPRXQWVWKHSUHFLSLWDWLRQVWUHQJWKHQLQJHIIHFWZLOOEHPRUH
VLJQLILFDQW >@ 'XULQJ WKH DJLQJ WUHDWPHQW - KRXUV WKH SUHFLSLWDWLRQ RI WKH
GLVFRQWLQXRXV 0& FDUELGHV RQ WKH JUDLQ ERXQGDULHV EORFNHG WKH GLVORFDWLRQ PRWLRQ WR
SURGXFH DQ REYLRXV SLQQLQJ VWUHQJWKHQLQJ HIIHFW >@ )RU WKLV UHDVRQ WKH XOWLPDWH WHQVLOH
VWUHQJWK DQG \LHOG VWUHQJWK LQFUHDVHG ZLWK WKH DJLQJ WLPH ZKHQ LW UHDFKHG  KRXUV
1HYHUWKHOHVV WKHXOWLPDWH WHQVLOH VWUHQJWK DQG WKH \LHOG VWUHQJWKGHFUHDVHGZKHQ WKH DJLQJ
WLPH H[FHHGHG  KRXUV :KHQ WKH FRDUVHQHG DQG FHOOXODU FDUELGHV SUHFLSLWDWH DW WKH JUDLQ
ERXQGDULHV PDQ\ FKURPLXP DQG FDUERQ HOHPHQWV LQ WKH PDWUL[ DUH FRQVXPHG DQG WKH
FKURPLXPDQGFDUERQFRQFHQWUDWLRQGHFUHDVHV$VDUHVXOWWKHFU\VWDOODWWLFHGLVWRUWLRQRIWKH
PDWUL[LVUHGXFHG&KURPLXPDQGFDUERQSOD\LPSRUWDQWUROHVLQWKHVWUHQJWKRIDOOR\VDQG
WKHVWUHQJWKGHFUHDVHVZLWKDGHFUHDVHLQWKHFKURPLXPDQGFDUERQFRQFHQWUDWLRQLQWKHDOOR\V
>@ 0RUHRYHU LW LV ZHOO NQRZQ WKDW WKH FRDUVHQHG DQG FHOOXODU FDUELGH LV EULWWOH DQG WKDW
WKHUHLVORZERQGVWUHQJWKEHWZHHQWKHFDUELGHDQGWKHPDWUL[>@ 
)LJVKRZVWKHPLFURVWUXFWXUHRIWKHWHQVLOHWHVWVSHFLPHQQHDUWKHIUDFWXUH$QXPEHURI
PLFUR-FUDFNVDUHJHQHUDWHGDWWKHJUDLQERXQGDULHV7\SLFDOO\WKHPDWUL[JUDLQVDUHFRQQHFWHG
WKURXJKJUDLQERXQGDULHVEHIRUHDQDJLQJWUHDWPHQW+RZHYHUWKHJUDLQVDUHVHSDUDWHGE\WKH
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FRDUVHQHGLQWHUJUDQXODUFDUELGHDIWHUWKHDJLQJWUHDWPHQWGXHWRWKHEULWWOHFDUELGHVDQGORZ
ERQGLQJVWUHQJWKEHWZHHQWKHFRDUVHQHGFDUELGHDQGWKHPDWUL[:KHQWKHDJLQJWLPHUHDFKHV
KRXUVWKHFRDUVHQHGFDUELGHVSUHFLSLWDWHDORQJWKHJUDLQERXQGDULHVDVVKRZQLQ)LJ
'XULQJWKHWHQVLOHWHVWZKHQWKHWHQVLOHVWUHVVLVVXIILFLHQWO\KLJKFUDFNVDUHJHQHUDWHGDWWKH
LQWHUIDFHEHWZHHQWKHFRDUVHQHGFDUELGHDQGWKHPDWUL[DVVKRZQLQ)LJH7KHUHIRUHWKH
XOWLPDWHWHQVLOHVWUHQJWKDQG\LHOGVWUHQJWKGHFUHDVHGZKHQWKHDJLQJWLPHH[FHHGHGKRXUV
GXHWRWKHJHQHUDWLRQRIWKHFRDUVHQHGFDUELGHDWWKHJUDLQERXQGDULHVDVVKRZQLQ)LJD 
)LJ  VKRZV WKH IUDFWXUH VXUIDFHV RI WKH WHQVLOH WHVW VSHFLPHQV SUHSDUHG ZLWK GLIIHUHQW
DJLQJWLPHVDIWHUWHQVLOHWHVWLQJWRIDLOXUHDWURRPWHPSHUDWXUH$IWHUDQDJLQJWUHDWPHQWIRU
KRXUWKHIUDFWXUHVXUIDFHH[KLELWVDILQHO\GLPSOHGVXUIDFHZKLFKLVDW\SLFDOFKDUDFWHULVWLFRI
WKHGLPSOHGGXFWLOHPRGHRI IDLOXUH DVVRFLDWHGZLWKJRRGSODVWLFGHIRUPDWLRQ DV VKRZQ LQ
)LJ D +RZHYHU ZKHQ WKH DJLQJ WLPH ZDV LQFUHDVHG WR  KRXUV IDLOXUH RFFXUUHG LQ D
PL[HGLQWHUJUDQXODUDQGWUDQVJUDQXODUPRGHGXHWRWKHSUHFLSLWDWLRQRILQWHUJUDQXODUFDUELGHV
,Q)LJVE-ILWLVFOHDUWKDWWKHLQWHUJUDQXODUIUDFWXUHDUHDVRQWKHIUDFWXUHVXUIDFHLQFUHDVHG
ZLWKDQLQFUHDVHLQWKHDJLQJWLPHEHFDXVHWKHLQWHUJUDQXODU0&FDUELGHSUHFLSLWDWHGDQG
FRDUVHQHGDWWKHJUDLQERXQGDU\'XULQJWKHWHQVLOHWHVWWKHVWUHVVFRQFHQWUDWLRQDWWKHJUDLQ
ERXQGDULHVIRUPHGE\DFFXPXODWHGVWUHVVHVDWWKHJUDLQERXQGDU\VOLSEDQGLQWHUVHFWLRQZLOO
OHDGWRVHSDUDWLRQEHWZHHQWKHFDUELGHDQGWKHPDWUL[)LJH>@,WFDQDOVREHREVHUYHG
VHHQ WKDW GLPSOH VWUXFWXUHV SUHGRPLQDWH RQ WKH IUDFWXUH VXUIDFH RI WKH PDWUL[ DV VKRZQ LQ
)LJVH I7KLVFDQEHDWWULEXWHGWRWKHGHFUHDVHGFKURPLXPDQGFDUERQFRQFHQWUDWLRQLQ
WKHPDWUL[GXHWRWKHFRDUVHQHGLQWHUJUDQXODU0&FDUELGHVDWWKHJUDLQERXQGDU\GXULQJWKH
DJLQJ WUHDWPHQW ,Q DGGLWLRQ WKH SUHFLSLWDWLRQ RI FRDUVHQHG DQG FHOOXODU 0& FDUELGHV
UHWDUGLQJWKHRFFXUUHQFHRIQHFNLQJLVGHWULPHQWDOWRWKHGXFWLOLW\RIWKHDOOR\7KXVWKH
GXFWLOLW\RIDOOR\WXEHVLVFORVHO\GHSHQGHQWRQWKHLQWHUJUDQXODUFUDFNLQJDVVRFLDWHGZLWK
FDYLWDWLRQDWWKHLQWHUIDFHEHWZHHQWKHGHQVH0&FDUELGHDQGQLFNHO-EDVHGPDWUL[+HQFH
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WKHHORQJDWLRQGHFUHDVHGZLWKDQLQFUHDVHLQWKHDJLQJWLPHDVVKRZQLQ)LJE 
 
&RQFOXVLRQ 
,QWKLVVWXG\ZHLQYHVWLJDWHGWKHWLPH-WHPSHUDWXUH-SUHFLSLWDWLRQ773FXUYHRIWKH0&
FDUELGHVDQGUHODWHGHIIHFWVRQWKHWHQVLOHSURSHUWLHVLQDOOR\WXEHVZLWKDFDUERQFRQWHQWV
RI  ZW E\ DQ DJLQJ WUHDWPHQW LQ D WHPSHUDWXUH UDQJH IURP  & WR  & IRU
YDULRXVSHULRGVUDQJLQJIURPWRKRXUV7KHUHVXOWVDUHDVIROORZV 
,QDQDJLQJWHPSHUDWXUHUDQJHRI-&PRVWRIWKHLQWHUJUDQXODUFDUELGHVJHQHUDWHG
RQWKHJUDLQERXQGDULHVZKLOHQRSUHFLSLWDWHGFDUELGHZDVREVHUYHGXQGHU&DQGRYHU
&7KHFDUELGHVSUHFLSLWDWHGRQWKHJUDLQERXQGDULHVZHUHLGHQWLILHGDVFKURPLXP-ULFK
0&FDUELGHV 
7KH LQWHUJUDQXODU0& FDUELGHV WHQGHG WR IRUPSUHIHUHQWLDOO\ DWKLJK-DQJOHERXQGDULHV
DSDUW IURP WKH &6/ ERXQGDULHV ZKLOH WKH\ ZHUH DEVHQW DW WKH WZLQ ERXQGDULHV XQGHU RXU
H[SHULPHQWDOFRQGLWLRQV 
7KH LQWHUJUDQXODUFDUELGHV IXQFWLRQDV UHLQIRUFHPHQWDQGSURYLGHVWUHQJWKHQKDQFHPHQWV
ZKHQ WKHDJLQJ WLPHUHDFKHGKRXUV$V WKHDJLQJ WLPHH[FHHGHGKRXUVKRZHYHU WKH
XOWLPDWH WHQVLOH VWUHQJWK DQG WKH \LHOG VWUHQJWK JUDGXDOO\ GHFUHDVHGZLWK DQ LQFUHDVH LQ WKH
DJLQJWLPH 
 $IWHU DJLQJ WUHDWPHQW WKH HORQJDWLRQ RI DOOR\  GHFUHDVHG ZLWK LQFUHDVH LQ WKH DJLQJ
WLPH 7KH GHFUHDVH LQ WKH XOWLPDWH WHQVLOH VWUHQJWK \LHOG VWUHQJWK DQG WKH HORQJDWLRQ ZHUH
PDLQO\ FDXVHG E\ WKH LQWHUJUDQXODU FUDFNLQJ GXH WR WKH ORZ ERQG VWUHQJWK EHWZHHQ WKH
FRDUVHQHGLQWHUJUDQXODUFDUELGHDQGWKHPDWUL[ 
 
$FNQRZOHGJPHQWV 
7KLVZRUNZDV VXSSRUWHGE\ WKH UHVHDUFK IXQG RI&KXQJQDP1DWLRQDO8QLYHUVLW\ LQ
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5()(5(1&(6 
>@'/+DUURG5(*ROG5--DFNR$OOR\RSWLPL]DWLRQ IRU3:5VWHDPJHQHUDWRUKHDW-
WUDQVIHUWXELQJ-20- 
>@ -- .DL *3 <X &+ 7VDL 01 /LX 6& <DR 7KH HIIHFW RI KHDW WUHDWPHQW RQ WKH
FKURPLXP GHSOHWLRQ SUHFLSLWDWH HYROXWLRQ DQG FRUURVLRQ UHVLVWDQFH RI ,1&21(/ DOOR\
0HWDOO7UDQV$- 
>@3,$QGHUVHQ000RUUD6WUHVVFRUURVLRQFUDFNLQJRIVWDLQOHVVVWHHOVDQGQLFNHODOOR\V
LQKLJK-WHPSHUDWXUHZDWHU&RUURVLRQ- 
>@ 3+ %HUJH -5 'RQDWL 0DWHULDOV UHTXLUHPHQWV IRU SUHVVXUL]HG ZDWHU UHDFWRU VWHDP
JHQHUDWRUWXELQJ1XFO7HFKQRO- 
>@5+X*+%DL-6/L-4=KDQJ7%=KDQJ+=)X3UHFLSLWDWLRQEHKDYLRURIJUDLQ
ERXQGDU\0&DQG LWVHIIHFWRQ WHQVLOHSURSHUWLHVRI1L-&U-:EDVHGVXSHUDOOR\0DWHU
6FL(QJ$ 
>@<6.LP-6.LP+3.LP+'&KR7KHHIIHFWRIJUDLQERXQGDU\PLVRULHQWDWLRQRQ
WKH LQWHUJUDQXODU 0& FDUELGH SUHFLSLWDWLRQ LQ WKHUPDOO\ WUHDWHG $OOR\  - 1XFO
0DWHU- 
>@ 70 $QJHOLX *6 :DV %HKDYLRU RI JUDLQ ERXQGDU\ FKHPLVWU\ DQG SUHFLSLWDWHV XSRQ
WKHUPDOWUHDWPHQWRIFRQWUROOHGSXULW\DOOR\0HWDOO7UDQV$- 
>@ + /L 6 ;LD %; =KRX :4 /LX &-&U VHJUHJDWLRQ DW JUDLQ ERXQGDU\ EHIRUH WKH
FDUELGHQXFOHDWLRQLQDOOR\0DWHU&KDUDFW- 
>@;'RQJ;=KDQJ.'X<=KRX7 -LQ+<H0LFURVWUXFWXUHRIFDUELGHVDW JUDLQ
ERXQGDULHVLQQLFNHOEDVHGVXSHUDOOR\V-0DWHU6FL7HFKQRO- 
>@+8+RQJ%65KRDQG6:1DP&RUUHODWLRQRI0&SUHFLSLWDWLRQPRUSKRORJ\
ZLWK JUDLQ ERXQGDU\ FKDUDFWHULVWLFV LQ DXVWHQLWLF VWDLQOHVV VWHHO 0DWHU 6FL (QJ$ 
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± 
>@($7ULOOR/(0XUU$7(0LQYHVWLJDWLRQRI0&FDUELGHSUHFLSLWDWLRQEHKDYLRURQ
YDU\LQJ JUDLQ ERXQGDU\ PLVRULHQWDWLRQ LQ  VWDLQOHVV VWHHOV - 0DWHU 6FL  
- 
>@0&DVDOHV906DOLQDV-%UDYR$0DUWLQH]-9LOODIDQH-**RQ]DOH]-5RGULJXH](IIHFW
RI KHDW WUHDWPHQW RQ WKH VWUHVV FRUURVLRQ FUDFNLQJ RI DOOR\  0DWHU 6FL (QJ$ 
- 
>@-.+RQJ,6.LP&<3DUN(6.LP0LFURVWUXFWXUDOHIIHFWVRQWKHIUHWWLQJZHDURI
,QFRQHOVWHDPJHQHUDWRUWXEH:HDU- 
>@+%3DUN<+.LP%:/HH.65KHHP(IIHFWRIKHDWWUHDWPHQWRQIDWLJXHFUDFN
JURZWKUDWHRI,QFRQHODQG,QFRQHO-1XFO0DWHU- 
>@ '* %UDQGRQ 7KH VWUXFWXUH RI KLJK-DQJOH JUDLQ ERXQGDULHV $FWD 0HWDOO  
- 
>@ + *ULPPHU : %ROOPDQQ '+ :DUULQJWRQ &RLQFLGHQFH-VLWH ODWWLFHV DQG FRPSOHWH
SDWWHUQ-VKLIWLQFXELFFU\VWDOV$FWD&U\VWDORJU$- 
>@'$6PLWK5&3RQG%ROOPDQQCV2-ODWWLFHWKHRU\DJHRPHWULFDODSSURDFKWRLQWHUIDFH
VWUXFWXUH,QW0DWHU5HY- 
>@ % 0LONHUHLW / *LHUVEHUJ 2 .HVVOHU & 6FKLFN ,VRWKHUPDO 7LPH-7HPSHUDWXUH-
3UHFLSLWDWLRQ GLDJUDP IRU DQ DOXPLQXP DOOR\ $ E\ LQ VLWX '6& H[SHULPHQWV
0DWHULDOV- 
>@ - -DQRYHF 0 6YRERGD $ 9\URVWNRYD $ .URXSD 7LPH-WHPSHUDWXUH-SUHFLSLWDWLRQ
GLDJUDPVRIFDUELGHHYROXWLRQLQORZDOOR\VWHHOV0DWHU6FL(QJ$- 
>@5:%DOOXIIL -:&DKQ0HFKDQLVPIRUGLIIXVLRQ LQGXFHGJUDLQERXQGDU\PLJUDWLRQ
$FWD0HWDOO- 
>@ 7< 9HOLNDQRYD $$ %RQGDU $9 *U\WVLY 7KH FKURPLXP-QLFNHO-FDUERQ &U-1L-&
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SKDVHGLDJUDP-3KDVH(TXLOLE- 
>@$/%RZPDQ*3$UQROG(.6WRUPV1*1HUHVRQ7KHFU\VWDOVWUXFWXUHRI&U&
$FWD&U\VWDOORJUDSKLFD%- 
>@<%/HH-6-DQJ'+/HH'</HH,+.XN6HOHFWLYHSUHFLSLWDWLRQRIFDUELGHVLQ
$OOR\-.RU,QVW0HW0DWHU- 
>@+/L6;LD%;=KRX-&3HQJ7KHJURZWKPHFKDQLVPRIJUDLQERXQGDU\FDUELGH
LQ$OOR\0DWHU&KDUFW- 
>@ . 0DUX\DPD . 6DZDGD - .RLNH 6WUHQJWKHQLQJ PHFKDQLVPV RI FUHHS UHVLVWDQW
WHPSHUHGPDUWHQVLWLFVWHHO,6,-,QW- 
>@ - -LDQJ /+ =KX 6WUHQJWKHQLQJPHFKDQLVPVRISUHFLSLWDWHV LQ6KHDW-UHVLVWDQW
VWHHOGXULQJVKRUW-WHUPDJLQJ0DWHU6FL(QJ$- 
>@$.-HQD0&&KDWXUYHGL7KHUROHRIDOOR\LQJHOHPHQWVLQWKHGHVLJQRIQLFNHO-EDVHG
VXSHUDOOR\V-0DWHU6FL- 
>@*7HUOLQGH*/XHWMHULQJ,QIOXHQFHRIJUDLQVL]HDQGDJH-KDUGHQLQJRQGLVORFDWLRQSLOH-
XSVDQGWHQVLOHIUDFWXUHIRUD7L-$ODOOR\0HWDOO0DWHU7UDQV$- 
16 
&DSWLRQV 
)LJ  7LPH-WHPSHUDWXUH-SUHFLSLWDWLRQ FXUYH RI DOOR\  WXEHV IRU FDUERQ FRQWHQW RI
ZW 
)LJ0LFURVWUXFWXUHDQGSUHFLSLWDWLRQEHKDYLRURIDOOR\WXEHVDJHGDW&DKRXU
EKRXUVFKRXUVGKRXUVHKRXUV 
)LJ$YHUDJHJUDLQVL]HH[FOXGLQJWZLQVRIDOOR\WXEHVDFFRUGLQJWRDJLQJWLPHDW
& 
)LJ7(0DQDO\VLVRI0&FDUELGHLQDOOR\WXEHDJHGDW&IRUKRXUVDEULJKW-
ILHOG7(0LPDJHE6$('SDWWHUQF('6PDSSLQJUHVXOWV 
)LJ  2ULHQWDWLRQ UHODWLRQVKLS EHWZHHQ D FDUELGH DQG LWV QHLJKERULQJ JUDLQV LQ DOOR\ 
DJHGDW&IRUKRXUVDEULJKWILHOG7(0LPDJHEFU\VWDORULHQWDWLRQPDSSLQJLPDJH 
)LJ0LFURVWUXFWXUHRI LQWHUJUDQXODU0&FDUELGHEHKDYLRU IRUGLIIHUHQWJUDLQERXQGDU\
FKDUDFWHUVLQDOOR\WXEHVDJHGDW&IRUYDULRXVDJLQJSHULRGV 
)LJ  7HQVLOH SURSHUWLHV RI DOOR\  WXEHV DJHG DW  & IRU YDULRXV DJLQJ SHULRGV D
XOWLPDWHWHQVLOHVWUHQJWKDQG\LHOGVWUHQJWKEHORQJDWLRQ 
)LJ6(0PLFURJUDSKRIDUHJLRQQHDUWKHIUDFWXUHRIDWHVWHGVSHFLPHQDJHGDW&D
KRXUVEKRXUVFKRXUVGKRXUVZKLWHDUURZVLQGLFDWHGWKHFUDFNVHKLJK
UHVROXWLRQLPDJHRILQWHUJUDQXODUFUDFNVEHWZHHQWKHFDUELGHDQGWKHPDWUL[ 
)LJ0LFURVWUXFWXUHRIIUDFWXUHVXUIDFHVRIWHVWHGVSHFLPHQVDJHGDW&DKRXUE
KRXUVFKRXUVGKRXUVHKRXUVIKRXUV 
 
7DEOH7KHFKHPLFDOFRPSRVLWLRQRIWKHDOOR\WXEHVXVHGLQWKLVH[SHULPHQWZW 
 
